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[57] ABSTRACT 

A power failure-free power supply apparatus capable of 
minimizing time required for parallel operation of a power 
rectifier and a power rectifier/inverter, to thereby minimize 
a deterioration in operational reliability. The power rectifier 
converts an output of an AC power supply into DC power. 
A power inverter converts DC power into AC one. The 
power rectifier/inverter carries out rectifying/inverting 
operation. An output of the power rectifier and an AC output 
of the power rectifier/inverter are fed through a change-over 
unit to a load. Operation of switches is controlled depending 
on a detection signal of a current detector for detecting a 
charging current of a storage battery. A control unit permits 
parallel operation of the power rectifier and power rectifier/ 
inverter when a residual capacity of the storage battery is at 
an increased level and permits the storage battery to be 
charged when the residual capacity is at a reduced level. An 
increase in charging current during the parallel operation 
minimizes time required for the parallel operation. 

10 Claims, 3 Drawing Sheets 
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POWER FAILURE-FREE POWER SUPPLY 
APPARATUS 

BACKGROUND OF THE INVENllON 

This inveation relates to a power failure-free power 5 
supply apparatus, and more particularly to a power failure- 
free power supply apparatus increased in operational reli- 
ability. 

A computer has been increasingly involved in daily life. 
Incorporation of a computer in an important system does not 
permit any shutdown of the system in order to avoid damage 
to the computer. Also accidental power failure possibly 
causes damage to a software of a computer. Thus, a com- 
puter is generally equipped with a power failure-free power 
supply apparatus to prevent power failure of a commercial 
power supply from adversely affecting the computer, so that 
feed to the computer may be ensured irrespective of power 
failure of the commercial power supply. 

A conventional power failure-free power supply appara- 
tus is disclosed in Japanese Patent Application Laid-Open 
Publication No. 285135/1997. Now, the conventional power 
supply apparatus will be described with reference to FIG. 5. 
In FIG. 5 J reference numeral 1 designates an AC power 
supply, for which a commercial power supply is generally 
used. 2 is a power rectifier, 3 is a power inverter, 4 is a power 
rectifier/inverter, 6 is a load, and 7 is a storage battery. The 
power rectifier 2 is connected to the AC power source 1 and 
the power inverter 3 is connected to the load 6 through 
selection switches SBl and SCI. The power rectifier/ 
inverter 4 is connected through a selection switch AS 1 to the 
AC power supply 1, as well as through switches SA2 and 
SB" and the selection switch SCI to the load 6. Also, the AC 
power supply 1 is connected through a selection switch SC2 
to the load 6. The converters 2, 3 and 4 each have a DC 
terminal connected to the storage battery 7. 

The conventional power failure -free power supply appa- 
ratus thus constructed is basically operated according to a 
normal operation mode, an operation mode during power 
failure, an operation mode during failure of the power 
inverter and an operation mode during failure of the power 
rectifier. 

The normal operation mode is an operation mode wherein 
the power rectifier 2 and power inverter 3 are operable. The 
selection switches SBl, SCI and SA2 are kept closed and 45 
the selection switches SAl, SB2 and SC2 are kept open. The 
power rectifier 2 converts AC power of the AC power supply 
1 into DC power to feed it to the power inverter 3 and charge 
the storage battery 7. The power inverter 3 feeds AC power 
to the load 6. The power rectifier/inverter 4 carries out 50 
stand-by operation in reserve when any failure occurs in the 
power inverter 3. 

The operation mode during power failure is an operation 
mode carried out when power failure occurs in the AC power 
supply, wherein power discharged from the storage battery 55 
7 is fed to the load 6. When power failure occurs in the AC 
power supply 1, the power rectifier 2 is kept from operation 
and the power inverter 3 converts DC power obtained due to 
discharge of the storage battery 7 into AC power to feed it 
to the load 6. At this time, the power rectifier/inverter 4 60 
carried out stand-by operation which permits DC power of 
the storage battery 6 to be converted into AC power. 

The operation mode during failure of the power inverter 
is an operation mode carried out in the case that failure 
occurs in the power inverter 3 which feeds the load 6. When 65 
failure occurs in the power inverter 3, the selection switch 
SBl is rendered open and the selection switch SB is closed, 
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residting in the power rectifier 4 which has carried out 
stand-by operation feeding AC power to the load 6. After 
repair or replacement of the power inverter 3, the selection 
switch SB is rendered open and the selection switch is 
closed, so that the power supply apparatus may be returned 
to the normal operation mode. 

The operation mode during failure of the power rectifier \ 
is an operation mode taking place when failure occurs in the 
power rectifier 2. When the power rectifier fails, the power 
inverter 3 converts DC power of the storage battery 7 into 
AC power to feed it to the load 6. The selection switch SA2 
is open to permit the power rectifier/inverter 4 which has 
carried out stand-by operation to act as a power rectifier for 
converting AC power into DC power, resulting in the switch 
AS 1 being closed. This permits the storage battery 7 to be 
charged from the AC power supply 1 through the power 
rectifler/invener 4 and DC power to be fed to the power 
inverter 3. After repair of the power rectifier 2, the selection 
switch SAl is rendered open to permit the power rectifier/ 
inverter 4 to carry out power rectification, leading to tuming- 
on of the selection switch SA 2, so that the apparatus may 
be returned to the normal operation mode. 

The operation mode during a plurality of failures is an 
operation mode carried out when failure occurs in two of the 
conversion units 2, 3 and 4, The election switches SCI and 
SC2 are open and closed, respectively, resulting in AC 
power being fed from the AC power supply 1 directly to the 
load 6. After failure of the converters is repaired, the 
apparatus is returned to the normal operation mode. 

The mode of charging the storage battery increased in 
capacity is an operation mode taking place when the storage 
battery increased in capacity to a degree sufiSdent to permit 
the load to satisfactorily operate during power failure of the 
AC power supply over a long period of lime is charged. An 
increase in capacity of the storage battery 7 causes much 
power to be required to charge the battery 7, so that charging 
of the storage battery using only the power rectifier 2 having 
a capacity determined depending on a capacity of the power 
inverter 3 requires much time. Thiis, charging of the storage 
battery 7 is carried out by changing over a mode of the 
power reaifier/inverter 4 into a power rectifier mode and 
subjecting the units 4 and 2 to parallel operation. This j 
permits power for charging the storage battery 7 to be / 
doubled. 

However, it was found that the conventional power 
failure -free power supply apparatus has several problems. 

More particularly, incorporation of the storage battery 
increased in capacity into the power supply apparatus per- 
mits the power rectifier/inverter to carry out power rectify- 
ing operation, to thereby subject the power rectifier and 
power rectifier/inverter to parallel operation, resulting in a 
charging current to the storage battery being increased. The 
parallel operation fails to permit the power rectifier/inverter 
to be in reserve for the power inverter, resulting in opera- 
tional reliability being deteriorated as compared with during 
normal operation wherein the power rectifier/inverter carries 
out power inverting operation for stand-by operation. Thus, 
it is required to increase the charging current as much as 
possible to rapidly charge the storage battery during the 
parallel operation. Unfortunately, the prior art fails to fiilly 
consider that the charging current is increased during the 
parallel operation. 

There occurs a diiference in converted power between the 
parallel operation of the power rectifier/inverter and power 
rectifier and sole operation of any one of both. However, 
when a charging current of the storage battery is subject to 
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restriction so that the converted power of the power rectifier 
for charging the storage battery during the normal operation 
does not exceed a capacity of the power rectifier or is not 
excessive, the charging current when the parallel operation 
is carried out is limited to a level twice as high as the 5 
charging current fed by only the power rectifier. Thus, the 
parallel operation fails to effectively utilize a sum of capaci- 
ties of the power rectifier/inverter and power rectifier, even 
when the sum is surplus. 

SUMMARY OF THE INVENTION 10 

The present invention has been made in view of the 
foregoing disadvantage of the prior art. 

Accordingly, it is an object of the present invention to 
provide a power failure-free power supply apparatus which 
is capable of minimizing time during which a power rectifier 
and a power rectifier/inverter is subject to parallel operation, 
to thereby enhance operational reliability thereof. 

It is another object of the present invention to provide a 
power failure-free power supply apparatus which is capable ^ 
of permitting a charging current during parallel operation of 
a power rectifier and a power rectifier/inverter to be 
increased to the utmost to rapidly charge a storage battery 
and protecting each of converters from an excessive charg- 
ing current when the power rectifier or power rectifier/ ^5 
inverter is solely operated to charge the battery. 

In accordance with the present invention, a power failure - 
free power supply apparatus is provided. The power failure - 
free power supply apparatus includes a power rectifier 
including an AC terminal and a DC terminal and converting 30 
AC power into DC power, a power inverter including an AC 
terminal and a DC terminal and converting DC power into 
AC power, a power rectifier/inverter including an AC ter- 
minal and a DC terminal and selectively carrying out both 
power rectification for converting AC power into DC power 35 
and power inversion for converting DC power into AC 
power, a storage battery including a DC terminal of which 
one end is connected to a common connection of the DC 
terminals of the power rectifier, power inverter and power 
rectifier/inverter, a current detector arranged between the 40 
common connection and the battery to detect a charging 
current of the storage battery, and a control unit controlling 
operation of at least the power rectifier and power rectifier/ 
inverter. In the present invention, the AC terminals and DC 
terminals each are not limited to the form of a so-called 45 
terminal. They may be in the form of a wiring. The control 
unit controls operation of the power rectifier and power 
rectifier/inverter so as to charge the storage battery by means 
of the power rectifier and power rectifier/inverter when a 
residual capacity of the storage battery is reduced and charge 50 
the storage battery by means of only one of the power 
rectifier and power rectifier/inverter when the residual 
capacity is increased while preventing the charging current 
from exceeding an upper limit set level depending on an 
output of the current detector. The residual capacity of the 55 
storage battery may be obtained, for example, as a difference 
between an integrated or accumulated value of charged 
power of the storage battery and an accumulated value of 
power discharged therefrom. 

In the present invention, the parallel operation of the 60 
power rectifier and power rectifier/inverter is carried out so 
as to prevent the charging current from exceeding the upper 
limit set level, to thereby increase the charging current to the 
utmost, resulting in the storage battery being rapidly 
charged. 65 

In a preferred embodiment of the present invention, the 
upper limit set level when the storage battery is charged by 
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the power rectifier and power rectifier/inverter is determined 
on the basis of a sum of capacities of the power rectifier and 
power rectifier/inverter. Also, the upper limit set level when 
the storage battery is charged by only one of the power 
rectifier and power rectifier/inverter is determined on the 
basis of a capacity of one of the power rectifier and power 
rectifier/inverter which is reduced in capacity. Thus, the 
upper limit set level is variably determined between the 
parallel operation and the sole operation. Such determina- 
tion of the upper limit set level of the charging current 
permits the storage battery to be charged with a substantially 
increased charging current during the parallel operation. 
Thus, the parallel operation permits the storage battery to be 
rapidly charged, to thereby reduce time required to transfer 
the apparatus from the parallel operation to the sole opera- 
tion. Also, such an increase in charging current does not lead 
to damage to the semiconductor switching elements for the 
power rectifier and power rectifier/inverter in the sole 
operation, because the upper limit set level when the parallel 
operation is changed to the sole operation is determined on 
the basis of one of the power rectifier and power rectifier/ 
inverter which is reduced in capacity. Thus, the present 
invention effectively prevents an increase in charging cur- 
rent during the parallel operation from deteriorating opera- 
tional reliability of the apparatus. 

BRIEF DESCRIPnON OF THE DRAWINGS 

These and other objects and many of the attendant advan- 
tages of the present invention wiU be readily appreciated as 
the same becomes better understood by reference to the 
following detailed description when considered in connec- 
tion with the accompanying drawings; wherein: 

FIG. 1 is a block diagram showing an embodiment of a 
power failure-free power supply apparatus according to the 
present invention; 

FIG. 2 is a block diagram showing a limit unit incorpo- 
rated in the power failure -free power supply apparatus 
shown in FIG. 1; 

FIG. 3 is a block diagram showing a second embodiment 
of a power failure-free power supply apparatus according to 
the present invention; 

FIG. 4 is a block diagram showing a third embodiment of 
a power failure-free power supply apparatus according to the 
present invention; and 

FIG. 5 is a block diagram showing a conventional power 
failure-free power supply apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS . 

Now, a power failure -free power supply apparatus accord- 
ing to the present invention will be described with reference 
to FIGS. 1 to 4. 

Referring first to FIGS. 1 and 2, an embodiment of a 
power failure-free power supply apparatus according to the 
present invention is illustrated. In FIG. 1, a plurality of 
wirings are indicated by a single line for the sake of brevity. 
A power failure-free power supply apparattis of the illus- 
trated embodiment includes a n AC power supply 1 which 
may be generally constituted by a commercial power supply. 
A power rectifier 2 is coimectcd through a first switch SI to 
the AC power supply 1. The first switch SI may be consti- 
tuted of three switch elements when the AC power supply is, 
for example, a three-phase one. The power rectifier 2 
includes a plurality of AC terminals and two or positive and 
negative DC tenninals. The power rectifier 2 includes a 
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bridge circuit in which a plurality of semiconductor switch- 
ing elements such as transistors or the like are subject to 
bridge-connection and functions as an AC/DC converter for 
converting AC power into DC power, which may be con- 
structed in such a manner as known in the art. Reference 
numeral 3 designates a power inverter, which likewise 
includes a plurality of AC terminals and two or positive and 
negative DC terminals. The power inverter 3 includes a 
bridge circuit wherein a plurality of semiconductor switches 
are subject to bridge connection and acts as an DC/AC 
converter for converting DC power into AC power, which 
likewise may be constructed in such a manner as known in 
the art. The power rectifier 2 and power inverter 3 may be 
constructed in such a manner as shown in, for example, FIG. 
5 of Japanese Patent Application Laid-Open Publication No. 
285135/1997 described above. 

Reference numeral 4 designates a power rectifier/inverter, 
which likewise includes a plurality of AC terminals and two 
positive and negative DC terminals and is constructed so as 
to selectively carry out power rectification for converting 
AC power to DC power and power inversion for converting 
DC power to AC power The power rectifier/inverter 4 has 
an AC terminal connected to the AC power supply 1 through 
a second switch S2, The second switch S2 is constituted by 
three switch elements when the AC power supply is, for 
example, a three-phase one. Also, the AC terminal of the 
power rectifier/inverter 4 is connected through a changer- 
over unit 5 to a load 6. The power rectifier/inverter 4 may be 
constructed in such a manner as shown in FIG. 2 of Japanese 
Patent Application Laid-Open Publication No. 285135/1 997 
by way of example. 

The positive DC terminals of the power rectifier 2, power 
inverter 3 and power rectifier/inverter 4 are connected 
together at a common connection. The common connection 
of the positive DC terminals has a positive terminal of a 
storage battery 7 connected thereto through a connection 
line. The connection line for connecting the common con- 
nection and the positive terminal of the storage battery 7 to 
each other has a current detector 10 arranged thereon, which 
functions to measure or detect a DC current (charging 
current, discharge current) flowing through the connection 
line. 

Also, the power supply apparatus of the illustrated 
embodiment includes a control unit 8. The control unit 8 
functions to prevent a charging current of the storage battery 
7 from exceeding a predetermined upper limit set value or 
level depending on an output of the current detector 10. 
Thus, the control unit 8 controls change-over of the first and 
second change-over units SI and S2 and operation of the 
power rectifier 2 and power rectifier/inverter 4 so as to 
permit the storage battery 7 to be charged by means of the 
power rectifier 2 and power rectifier/inverter 4 when a 
residual capacity of the storage battery 7 is reduced and 
permit it to be charged by means of only the power rectifier 
2 or power rectifier/inverter 4 when the residual capacity is 
increased. More particularly, when a residual capacity Qr of 
the storage battery 7 is below a first reference capacity Ql, 
the control unit 8 permits the storage battery 7 to be charged 
by means of both power rectifier 2 and power rectifier/ 
inverter 4 while preventing the charging current fi-om 
exceeding a first upper limit set value or level CI predeter- 
mined on the basis of a sum of capacities of the power 
rectifier 2 and power rectifier/inverter 4. Also, when the 
residual capacity Qr of the storage battery 7 exceeds a 
second reference capacity Q2 above the first reference 
capacity Ql, the control unit 8 functions to permit the 
battery 7 to be charged by means of only either the power 
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rectifier 2 or the power rectifier/inverter 4 while preventing 
the charging current from exceeding a second upper limit set 
value or level C2 predetermined on the basis of a capacity 
of one of the power rectifier 2 and power rectifier/inverter 4 

5 which is reduced in capacity. When the power rectifier 2 is 
normally operated, floating charge of the storage battery 7 is 
normally carried out by means of the power rectifier 2. When 
the power rectifier 2 fails, the storage battery 7 is charged by 
means of the power rectifier/inverter 4 until repair or 
replacement of the power rectifier 2 is completed. 

The control unit 8 also fimctions to control the power 
inverter 3 and change-over unit 5. However, such function of 
the control unit 8 is not essential in the present invention. 
Constmction of the control unit 8 which constitutes one of 

35 features of the present invention is shown in FIG. 2 by way 
of example. The control imit 8 includes a rectifier/inverter 
control means 80 for controlling the power rectifier 2 and 
power rectifier/inverter 4. The rectifier/inverter control 
means 80 includes a voltage detecting means 81, a voltage 

20 control means 82, a drive signal generating means 83, a set 
voltage determining means 86 including a droop control 
section or means 84 and a limit value or level setting .section 
or means 85, a residue capacity judging means 87, and a 
switch change-over conunand generating means 88. The 

25 control unit 8 includes in addition to the above-described 
means, a means for generating a control signal required to 
execute both a normal power failure-free feed function of 
the power failure-free power supply apparattis and a func- 
tion for operating the power rectifier/inverter 4 in place of 

30 the power rectifier 2 and power inverter 3 when the power 
rectifier 2 and power inverter 3 fail. 

The voltage detecting means 81 functions to detect a 
battery vohage of the storage battery 7. The voltage control 
means 82 is fed with an output of the voltage detecting 

35 means 81 and that of the set voltage determining means 86 
to output to the drive signal generating means 83 a control 
signal CS acting to approach the battery voltage of the 
storage battery 7 to an internally set voltage. The drive signal 
generating means 83 receives the control signal CS to output 

40 a drive signal for driving a plurality of semiconductor 
switches constituting the power rectifier 2 and power 
rectifier/inverter 4. 

Now, the manner of operation and fimction of the residual 
capacity judging means 87 will be described hereinafter. 

45 First, it operates the amount of power charged and dis- 
charged on the basis of both charging and discharge currents 
detected by the current detector 10 and a battery voltage 
detected by the voltage detecting means 81, Results of the 
operation are integrated or accumulated to obtain accumu- 

50 lated charged power and accumulated discharged power, 
resulting in obtaining the residual capacity by subtracting 
the accumulated discharged power from the accumulated 
charged power. The operation is carried out in view of a 
variation in ambient temperature and a deterioration in 

55 battery. The residual capacity thus obtained is compared 
with the first and second reference capacities Ql and Q2 
(Q1>Q2) in the residual capacity judging means 87. The first 
reference capacity Ql acts as a reference for judging 
whether or not it is required to charge the storage battery 7 

60 while operating the power rectifier 2 and power rectifier/ 
inverter 4 in parallel. The second reference capacity Q2 acts 
as a reference for judging whether or not the storage battery 
7 is charged by only one of the power rectifier 2 and power 
rectifier/inverter 4. The residual capacity judging means 87 

65 commands the limit level setting means 85 to change the 
upper limit set level and commands the switch changer-over 
command generating means 88 that change-over of the 
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switches is required, when the residual capacity of the When the residual capacity judging means 87 judges that 

storage battery 7 is at a level below the first reference the residual capacity of the storage battery 7 is above the 

capacity Ql and the battery is permitted to be fed with an AC second reference capacity Q2 or exceeds it, the hmit level 

power from the AC power supply 1. The limit level setting setting section 85 feeds the droop control means with a 

means 85, when it receives the command, outputs the first s command for changing the set level from the first upper limit 

upper limit set level described below to the droop control set level CRl to a second upper limit set level CR2. 'fhe 

means 84. The switch change-over command generating second upper limit set level CR2 is determined on the basis 

means 88, when receiving the command, outputs a change- of a capacity of one of the power rectifier 2 and power 

over command for rendering the switches SI and S2 closed. rectifier/inverter 4 which is reduced in capacity. Thus, the 

When it is judged that the residual capacity of the storage lo second upper limit set level is set to be below a level of the 

battery 7 is above the second reference capacity Q2 or maximum charging current which one of the power rectifier 

exceeds it, the limit level setting means is commanded to 2 and power rectifier/inverter 4 which is reduced in capacity 

change the upper limit set level and the switch change-over can output. The second upper limit set level is a level set 

command generating means 88 is commanded that change- when floating charge takes place. The droop control means 

over of the switches is required. The limit level setting 15 84 outputs a set voltage command Vr for indicating a set 

means 85, when it receives the command, outputs the second voltage required to prevent a charging current detected by 

upper limit set level to the droop control means 85. Also, the the current detector 10 from exceeding the second upper 

switch change-over command generating means 88, when it limit set level. The set voltage at this time may be fixed so 

receives the command, outputs a change-over command for long as the charging current is at the second upper limit set 

rendering the switch S2 closed and the switch SI open. The 20 level or below. 

switch change-over command generating means 88 outputs ^^^^ construction prevents conversion power from being 

a command for closing the switch S2 and opening the switch excessive, resulting in protecting the semiconductor 

SI when any failure occurs in the power rectifier 2. switches which constitute the power rectifier 2 and power 

The set voltage determining means 86 receives results of rectifier/inverter 4. 

judgment from the residue capacity judging means 87 to 25 ^^^^ ^^^^^ opcmhn of the power failure-free 

carry out predetermmed operation. More particularly, the ^ apparatus of the iUustrated embodiment will 

hmit level setting means 85 sets an upper limit set level so ^^e described hereinafter, 

that conversion power for one conversion unit is not ren- ^_ , _ . , 

dered excessive during sole operation or driving. Also, <Normal Operation Mode> 

during parallel operation, the limit level setting means 85 30 This is an operation mode taking place under the condi- 

sets the upper limit set level within a range which prevents lions that the storage battery 7 is kept fully charged and the 

conversion power for two conversion units from being power rectifier 2 and power inverter 3 are kept operable. The 

excessive depending on the storage battery 7. More switch SI is closed and the power rectifier 2 converts AC 

specifically, when it is judged that the residual capacity of PO^er of the AC power supply 1 into DC power to feed it 

the storage battery 7 is below the first reference capacity Ql, 35 power inverter 3 and charge the storage battery 7. The 

the set voltage determining means 86 outputs, to the voltage Power inverter 3 converts the DC power to AC power and 

control means 82, a set voltage change command Vr for the change-over unit 5 selects an output of the power 

changing a set voltage for preventing a charging current inverter 3 to feed it to the load 6. The power rectifier/inverter 

detected by the current detector from exceeding a first upper ^ carries out stand-by operation in reserve in view of failure 

set level CRl for the purpose of parallel driving or operation 40 of the power inverter 3. 

of the power rectifier 2 and power rectifier/inverter 4. The <Operation Mode during Power Failure> 

first upper limit set level CRl set by the limit value setting xhis is an operation mode taking place using power 

section 85 is determined on the basis of a sum of a capacity discharged from the storage battery 7 during power failure 

of the power rectifier 2 and that of the power rectifier/ of the AC power supply. When power failure occurs in the 

inverter 4. More specifically, when a charging current which 45 AC power supply 1, operation of the power rectifier 2 is 

is permitted to flow to the storage battery 7 on the basis of stopped and the power inverter 3 converts DC power 

the sum is reduced as compared with a maximum charging obtained due to discharge of the storage battery 7 into AC 

current permitted depending on performance of the storage power to feed it to the load 6. The power rectifier/inverter 4 

battery, the charging current permitted to flow to the battery carries out stand-by operation. 

based on the sum^ set at a level identical with the first upper 50 ^Operation Mode during Failure of Power Inverter> 

hmit set level CRl. In the contrary case, the maximum ^ . • 7 • j . 1. ^ -i 

charging current is set at the upper limit set level CRl, TTie . ^his is an operation mode earned out when failure occurs 

droop control means 84 ftinctions to obtain a difference "^J^^ power mverter 3 which feeds power to. the load 6. 

between the first upper limit set level CRl and the charging ^hen the failure occurs the change-over unit selects an 

current detected by the current detector 10 to output, to the 55 f JP^f P^^^^ rectifier/mverter 4, so that the load 6 is 

voltage control means 82, the set voltage command Vr for power from the power recUfier/inverter 4 which has 

setting a set voltage which permits the charging current to f 5^^^ ^^^^ ^'^""^^y operation. Repair of the power inverter 

approach the first upper limit set level CRl. The set voltage ^ is made and then the change-over unit 5 selects an output 

thus set is varied depending on a variation in charging f apparatus being 

current detected by the current detector 10. The droop 60 ^^^^^^^^ operation mode, 

control means 84 increases the set voltage in order to <Operation Mode during Failure of Power Rectifier> 

increase the charging current at an initial charging stage and This is an operation mode when failure occurs in the 

gradually reduces or droops the set voltage with a reduction power rectifier 2 fed with power from the AC power supply 

in charging current. The voltage control means 82 feeds the 1. When failure occurs in the power rectifier 2, the power 

drive signal generating means 83 with a control signal which 65 inverter 3 converts power of the storage battery 7 to feed it 

permits constant-voltage control to take place so that the to the load 6. The power rectifier/inverter 4 is changed over 

battery voltage is at a level of the set voltage. from the stand-by operation in the power inverting operation 
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to the power rectifying operation. This permits the switch SI place, the illustrated embodiment may automatically carry 
to be rendered open and the switch S2 to be closed, so that out parallel operation and sole operation. The remaining part 
the power rectifier/inverter 4 may be operated in place of the of the illustrated embodiment may be coastructed in sub- 
power rectifier 2. This permits the power rectifier/inverter 4 stantially the same manner as the embodiment described 
to convert AC power of the AC power supply 1 into DC 5 above. 

power, which charges the storage battety 7 and is fed to the Referring now to FIG. 4, a third embodiment of a power 

power inverter 3 When the power rectifier 2 is repaired, the faiiure-free power supply apparatus according to the present 

switch S2 IS rendered open and the switch SI is c osed, ^^^^^^^ ^ illustrated. In a power supply apparatus of the 

resulting in the power rectifier/inverter 4 being directed to n . . j l j- . • 1 . . • 

■ *L * 41, u illustrated embodiment, a single current detector 10 is 

power invcrUDg operaUon. so that the apparatus may be ^^^^ information on a charging current 

returned to the normal Operation mode. j*fj*u u * i\ ^ j j . *i 

. . , , ^ „ ^ . . ^ . detected thereby to first and second converter control means 

<Charging Mode of Battery Increased m Capacity> g^,^ ^q,^ ^^^^ ^^^^ ^^^^^^^ ^^^^^^ 

In order to operate the load 6 when power failure of the jj^^ans 80A and 80'B are provided with a single switch 

AC power supply 1 extends over a long penod of time, the change-over command generating means 88' common to 
storage battery 7 is increased in capacity. An increase in 15 both. The remaining part of the illustrated embodiment may 

capacity of the storage battery 7 leads to an increase in ^ ^ constructed in substantiaUy the same manner as the 

power charged, so that charging of the storage battery 7 by sp^ond embodiment described above with reference to FIG, 

means of only the power rectifier 2 which has a capacity 3 

determined in correspondence to a capacity of the power ' Operation of the second and third embodiments described 

inverter 3 causes chargmg tune to be considerably increased^ ^ above may be carried out in substantiaUy the same manner 

In this mstance, when discharge of the storage battery 7 embodiment described above. 

proceeds to a considerable level, the power rectiner/mverter . . r*ur - .u 

5. L- i ^ J ^ • J As can be seen form the foresoing, the present invention 

4 is subiect or directed to power rectifymg operation and the . . ^ j . ? • ^ • j 

u 01 • 1 J if- • ^-/i /■ ^ IS constructed so as to permit a chargmg current mcreased as 

switch S2 is closed, resulting m the power rectifier/mverter , -.u • • . . t. a * *i_ 

^ . • J- * J * n 1 *• 11 1 compared with in the prior art to be flow to the storage 

4 bemg directed to parallel operation or operation in parallel 7s u • .1. i_ • j r .1. t_ • j • 

. ,u '» J * / u • . battery m the chargmg mode of the battery increased m 

to the power rectifier2. When detection of a chargmg current ... .r f . ./ , 

, \ , ^ u *u * J * * in 1 *u . capacity while subjecting the power rectifier and power 

to the storage battery 7 by the current detector 10 reveals that ^^.^ ^. ^ . ,,1 .t^ . l • 

u* * ufju 1 u c ,1. rectiner/mverter to parallel operation, so that chargmg time 

the charging current can be fed by only a capacity of the c ^x. a. • .1. n t ^- i_ - .1 

* c 1 J * J r L • r L of the battery m the parallel operation may be significantly 

power rectifier 2 due to advance of charging of the battery . j ^ j -.u .i. • . v™- 

*u wu J 1 % f .1. * 1. -f 1 reduced as compared with the pnor art. This permits the 

or that the residual capacity of the storage battery 7 exceeds , , , , .... , 

^1 , r ^ J * u ' \\. ML power recUner/mverter to be rapidly returned to the normal 

the second reference capacity Q due to charging, the switch ^ ^. . - .^j. 

S2 is closed to subject or direct the power r^tifler/inverter "^"''^ '° ^.'"f ^' "f^^ ^'*"'*-''>; 0P«''»;°D 

. ^ . ^ 1 reserve in view of failure of the power inverter, so that a 

4 to power inverting operation, so that the power supply , . . . . i- u i% u u * n 

apparatus may be retomed to the normal operation mode deteriorauon m operational reUab.hty may be substantially 

restramed. 

In the illustrated embodiment, in the normal operation 35 . , v . ^ r.*. ^ . ^ 

J ^ L * t_ ^ T The control unit may be constituted of the first and second 

mode, the power rectifier 2 charges the storage battery 7. In , , , ^ • j j .1 . . 1 

^, ^ A A • c '^ e*u *u Converter control means to independently Carry out controls 

the operation mode durmg failure of the power rectifier, the ^ , ^ f.^ ,r _ ™. 

^ r r ' ' -1 r of the power rectifier and power rectifier/inverter. This 
power rectmer/invcrter 4 is dnven m place of the power 1* • *u Tu i-.i_ t-.i- u j 
rectifier 2 for charging of the storage battery 7. Further, in resuta in the reliability being forther enhanced, 
the mode wherein the battery increased in capacity is 40 P^T' invention effecUvely protects the semi- 
charged, the power recUfler and power rectifier/inverter 4 are conductor switches for the power rectifier and power 
subject to parallel operation, resulting in the storage battery r<=ctifler/mverter and takes out maximum convertible recti- 
7 being charged. Sole operation of the power rectifier 2 or ^^"8 P°^*/ ^'^'^ of parallel operation of the power 
power rectifier/inverter 4 in the normal operation mode or '^"^^l and power rectifier/inverter and sole operation of 
the operation mode during failure of the power rectifier is 45 ""eofboth. Tte present mventionpennitspotentiality of the 
highly different in power rectifying power and charging ^onverteis to be fiilly directed to chargmg of the battery, 
current from parallel operation of the units 2 and 4. Thus, the While prefened embodiments of the invention have been 
illustrated embodiment is constructed so as to judge the sole described with a certain degree of particularity with refer- 
operation and parallel operation, to thereby vary a set level '° drawings, obvious modifications and variations 
of the limit level setting means 85. so possible in light of the above teachings. It is therefore to 
Referring now to FIG. 3, a second embodiment of a power understood that within the scope of the appended claiins, 
failure-free power supply apparatus according to the present J« mvenUon may be practiced otheiwise than as specifically 
invention is illustrated. In a power failure-free power supply uescriDea. 
apparatus of the illustrated embodiment, a second current ^ claimed is.- 

director 10 is arranged and a control unit 18 includes a first 55 . 1- A power failure-fiee power supply apparatus compris- 
converter control means or rectifier control means 80A and 

a second converter control means or rectifier/inverter control ^ po^^"^ rectifier including an AC terminal and a DC 

means 80B for separately controlHng a power rectifier 2 and terminal and converting AC power into DC power; 

a power rectifier/inverter 4, respectively. Also, the first and a power inverter including an AC terminal and a DC 

second converter control means 80A and SOB are oon- 60 tenminal and converting DC power into AC power; 

stnicted so as to separately control first and second switches a power rectifier/inverter including an AC terminal and a 

SI and S2, respectively. The first and second converter DC terminal and selectively carrying out both power 

control means 80Aand 80B may be constructed in substan- rectification for converting AC power into DC power 

tially the same manner as the rectifier/inverter control means and power inversion for converting DC power into AC 

80 described above with reference to FIG. 2. In this instance, 65 power; 

when the second converter control means SOB is constructed a storage battery including a DC terminal of which one 

so as to determine whether or not charging operation takes end is connected to a common cormection of said DC 
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terminals of said power rectifier, power inverter and 
power rectifier/inverter; 

a current detector arranged between said common con- 
nection and said battery to detect a charging current of 
said storage battery; and s 

a control unit controlling operation of at least said power 
rectifier and power rectifier/inverter, 

said control unit controlling operation of said power 
rectifier and power rectifier/inverter so as to charge said 
storage battery by means of said power rectifier and ""^ 
power rectifier/inverter when a residual capacity of said 
storage battery is reduced and charge said storage 
battery by means of only one of said power rectifier and 
power rectifier/inverter when the residual capacity is 
increased while preventing the charging current firom 
exceeding an upper limit set level depending on an 
output of said current detector. 

2. A power failure -free power supply apparatus as defined 
in claim 1, wherein said upper limit set level is determined 
on the basis of a sum of a capacity of said power rectifier and 
that of said power rectifier/inverter; 

said upper limit set level at which said storage battery is 
charged by means of only one of said power rectifier 
and power rectifier/inverter is determined on the basis ^ 
of a capacity of one of said power rectifier and power 
rectifier/inverter which is reduced in capacity. 

3. A power failure-free power supply apparatus compris- 
ing: 

a power rectifier including an AC terminal and a DC 3Q 
terminal and converting AC power into DC power, 

a power inverter including an AC terminal and a DC 
terminal and converting DC power into AC power, 

a power rectifier/inverter including an AC terminal and a 
DC terminal and selectively carrying out both power 35 
rectification for converting AC power into DC power 
and power inversion for converting DC power into AC 
power; 

a first switch connecting said AC terminal of said power 
rectifier to an AC power supply; 

a second switch connecting said AC terminal of said 
power rectifier/inverter to said AC power supply; 

a change-over unit selectively connecting said AC termi- 
nal of said power rectifier/inverter and said AC terminal 
of said power inverter to a load; 

a storage battery including a DC terminal of which one 
end is connected to a common connection of said DC 
terminals of said power rectifier, power inverter and 
power rectifier/inverter; 

a current detector arranged between said common con- 
nection and said battery to detect a charging current of 
said storage battery; and 

a control unit controlling operation of said first and 
second switches and operation of said power rectifier 55 
and power rectifier/inverter; 

said control unit controlling operation of said first and 
second switches and operation of said power rectifier 
and power rectifier/inverter so as to charge said storage 
battery by means of said power rectifier and power 60 
rectifier/inverter when a residual capacity of said stor- 
age battery is reduced and charge said storage battery 
by means of only one of said power rectifier and power 
rectifier/inverter when the residual capacity is 
increased while preventing the charging current from 65 
exceeding an upper limit set level depending on an 
output of said current detector. 
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4. A power failure-free power supply apparatus as defined 
in claim 3, wherein said control unit includes first and 
second converter control means for separately controlling 
said power rectifier and power rectifier/inverter, respec- 
tively, 

5. A power failure -free power supply apparatus as defined 
in claim 3, wherein said control unit includes a droop control 
means for controlling operation of said power rectifier and 
power rectifier/inverter so as to prevent said charging cur- 
rent from exceeding said upper limit set level when said 
power rectifier and power rectifier/inverter are subject to 
parallel operation or individually operated; and 

a limit level setting means for varying said upper Umit set 
level between parallel operation of said power rectifier 
and power rectifier/inverter and individual operation 
thereof, 

6. A power failure-free power supply apparatus compris- 
ing: 

a power rectifier provided with AC terminals and a DC 
terminal, including a plurality of semiconductor 
switching elements and converting AC power inputted 
firom an AC power supply through said AC terminals 
thereof thereto into DC power; 

a storage battery charged by means of said DC power 
outputted from said power rectifier; 

a power inverter provided with AC terminals and a DC 
terminal, including a plurality of semiconductor 
switching elements and converting DC power fed 
thereto through said DC terminal thereof from said 
power rectifier or DC power fed thereto from said 
storage battery into AC power to output it to said AC 
terminals thereof; 

a power rectifier/inverter provided with AC terminals and 
a DC terminal, connected at said DC terminal thereof 
to said DC terminals of said power rectifier and power 
inverter, including a plurality of semiconductor switch- 
ing elements, and converting AC power inputted 
thereto through said AC terminals thereof into DC 
power to output it from said DC terminal thereof and 
reverse -converting DC power inputted thereto through 
said DC terminal thereof into AC power to output it 
through said AC terminals thereof; 

switches selectively connecting said AC terminals of said 
power rectifier/inverter and said AC power supply to 
each other; 

a change-over unit selectively connecting said AC termi- 
nals of said power inverter and said AC terminals of 
said power rectifier/inverter to a load; 

a current detector detecting a current flowing through a 
connection line which connects a common connection 
of said DC terminals of said power rectifier, power 
rectifier/inverter and power inverter to said storage 
battery; and 

a control unit controlling at least changingover of said 
switches and operation of said power rectifier and 
power rectifier/inverter; 

said control unit carrying out controlling of changing-over 
of said switches and operation of said power rectifier 
and power rectifier/inverter so that said storage battery 
is charged by both said power rectifier and power 
rectifier/inverter while preventing a charging current 
from exceeding a first upper limit set level determined 
on the basis of a sum of a capacity of said power 
rectifier and that of said power rectifier/inverter when a 
residual capacity of said storage battery is below a first 
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reference capacity and so that said storage battery is 
charged by only one of said power rectifier and power 
rectifier/inverter while preventing said charging current 
from exceeding a second upper limit set level deter- 
mined on the basis of a capacity of one of said power 
rectifier and power rectifier/inverter which is reduced in 
capacity when the residual capacity of said storage 
battery is above a second reference capacity above said 
first reference capacity. 
7. A power failure-free power supply apparatus as defined 
in claim 6, wherein said control unit includes a rectifier/ 
inverter control means for controlling said power rectifier 
and power rectifier/inverter; 

said rectifier/inverter control means including: 
a drive signal generating means outputting a drive signal 
for driving said power rectifier and power rectifier/ 
inverter; 

a voltage detecting means for detecting a battery voltage 

of said storage battery; 
a voltage control means outputting a control signal for 

bringing said battery voltage into a set voltage to said 

drive signal generating means; and 
a set voltage determining means; 
said set voltage determining means feeding said voltage 

control means with a set voltage change command for 



1,764 

14 

changing said set voltage so as to prevent said charging 
current from exceeding said first upper limit set level 
when said power rectifier and power rectifier/inverter 
are subject to parallel operation; 
said set voltage determining means feeding said voltage 
control means with said set voltage change command 
so as to prevent said charging current from exceeding 
said second upper hmit set level when only one of said 
10 power rectifier and power rectifier/inverter is operated. 

8. A power failure -free power supply apparatus as defined 
in claim 6, wherein said control unit includes a first con- 
verter control means and a second converter control means 
for separately controlling said power rectifier and power 
rectifier/inverter, respectively. 

9. Apower failure-free power supply apparatus as defined 
in claim 8, wherein said first and second converter control 
means separately control said first and second switches, 

20 respectively. 

10. A power failure-free power supply apparatus as 
defined in claim 8, wherein said current detector is sepa- 
rately arranged for each of said first and second converter 
control means. 

25 

* * * ♦ ♦ 
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